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X. f&m&m<0¥'&l#L*mi 1 . SnmMTXtbZZb 
S#ig 1 - 3 IB® <0**srtWftJB««. 

fc -r s is i - 4 iE^co^m^m^o 

z<stf^bz¥f'&b i-zm*m i - s &ML<Dm&n.mm 
mm* 

ix^vK Eft. ^iWy^fvi:^t)/j:5« 
f 1 - 6 fE«a<Oj«|*«te/fla<f • 

fifl)*ffiffiaSfcHO. 0 5mg/cm 2 J^T-CfoSCl 

*>tc4**$&Eu&K-z 9 v&mz^zm i (Dumb, 

7k*^^«r*tf^«HftT-ci o#ina±«*w-sx 

im#ig ii] S2 oig^ 200 xzyLTvmmxft 
frtiz^bzft'&birzm^i o&m<D%mmmm& 

[HMt«l 2] »^*:^aWIB 

J; D »-f *>£»«JiBU:»#3-frS« l . 



[M**Sl 3] JS20IS*jJ:0 { 830Iiio*4< 
1 fc— 2 0 0WT^gT'tTbH5C t t 

[»*« 14] ^3 OII^ 1 0 B»IBK±*W+"Cff to 

10 is] *->s»»ffio>r * vs»sfi:ds 

2. 5meq/gBT-C*5:i«:»ai:t5H*Si 
0-14 |Btta>«»«»ffl«ffiOjHifi*ft. 
[»#«16] fg2<z>xao&lc, (®-<r 
KiJ:9*aii-*xa«r*tfwi:«:»«i:-*-6lll**l 0 

[»*917] S2 0XfiK*$V*"C\ 1^21^ 
±0**5c*t:*tPwi:*r4#*i:-r5l»*3li 0-16 

i 8 ] mxm 10-17 ise^«s»m^is 

20 Soatifctr&fcJ: «9 Mi££*x5 r. £ »ati-6»**i 

- 9 e««>»ft«ttffi«s. 

1 9 ] - 9|B«<0«^m?filffl«ffi^ 

fcl«S#Jll 0-1 8SB*o«ig*ffi^J:ijjKie$ixfc 

[0 0 0 1 ] 

30 [00 0 2] 

[8*©8»] B*MS»-T-»jl8»«» (PEFC) 

:H2-^2H + +2e- 
40 — K : 1/202 + 2H+ +2 e"^H2 O 

: H2 + 1/2 O2 ->H2 O 

K-e*>5^ . h> (H + ) *5 

[0003] zvxiKmz&m+z&ttnmmnmt 
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9\C7jkir 0 B9iz&\i*X* 1 0 l tt«jK&JR^fi»Sn 

i o 4ft#sa?LT*£>5o 
(0 0 0 4] 0 9^L^:«Sli, tttt&JHd:k&£ft 
rti^-tfvErT-l 0 1 t-f ^-VjtiftWJiBl 0 2 ijftSRC 

ft, wtT.^3oco^^^>yu^H^7C^J(c/£:^o % # 
/oFV (H + ) *$JltfS^ (e") WgS^^ie 

[0005] se^, z<D£itmm*&-rz>mm\*. * 

^tt7-& ted ^oftb«t^JR«t^Srift»*«c:ta 
»S tfc»«a»*-#y6f t P T F E tf!)r^7 

K5H=- 7 >r a* a * W«t **LK**> # - # vm$S»±_ 

KlHR (-^:II3-30/iin) LTftHRttflfcLfc 

<of3—#^n&m&±.\z.wm (-Mf3-3 0/i 
[0006] m<<*>'&&mmm%Lti,xi*, % 

-^•CSiSL, ^(CLfckCD#ffll/>ibn, PTFEt 
^ftSSfcLTfl, tt^S»0. 2 3/2 mOP T F E 

[0 0 0 7] La>L, ±JS«cRMUfcJ:5*Sl5fi*felc 

irt s «ft*ivCl*S (Edson A. Tic i a n e 

1 1 i, J. Electroana 1. Chem. , 

2 5 1 , 2 7 5 (1 9 8 8) #«D . ^(D^kfiK tttS 

[0008] r*xft, ^n*r-o»ie*fe*s % fep>^c 

ft # - * >-fe^ & ^^^Mi^T- «: S -fr fc 

[0 00 9] i"/^*?, H. L. Yeager %?<DWl& 
(J- Electrochem. Soc. , 12 8 , 1 

8 8 0, (1 9 8 1)) 'btK&Sgon'g (J. 

Electrochem. Soc. , 1 3 2 , 2 6 0 1 

(1 9 8 5) ) tct>i2«$nrv>s £ 31:, BH^^S* 



&7kte<Z>£»£ £ *:<o*K * v <t t 4: t> I^Lt 
10 #^i"5o 

[ooio] ua*u tt*^«ao«5t*fedtt, 5fet- 

[0 0 1 1] Ml Of*, tt*<0tt«IC:fctt5, 

:£I2"C*>So BBl 0lc*5ir^-Cl l ltt^—tfvft-^ l 
^WtySWoyohy^gS, ii3ft 
B^^^SSftWHi^ftW, l l 4*5*0*1 l Sfttttt 

30 [0 0 12] ^3t5COmST*ft. 0iJx.f^wOlll Oid^-T 

l 1 koSI^p h^e^sss 
1 1 2^#*«i 1 3 ioftSB^^^stmwreAs** 

£*XT:fc«9, tf-tfvSHPl 1 1 *ffi(Ctttt&JR«?- 1 
14.11 5*sfi»Sn-C^5. ttSt&JHS^ 
115ft, ^^yJMl^/n hvCWSKl 1 2 

ttCAAtt-^l 1 4 ft, ii-f 1 1 3 

40 [0013] H^cOZ^S^cft, H*S»ffi^JKj« 

S ixr v * sffijg r-ft 5 # , fi4^^j^^T-a s #«E l 4 v * 

rwij^aaw^tli, ttMCAMtt^l 14 
[0 0 14] H»:*»^J8»tt?fe (PE FC) ft = * 
so h*SiS5<, PE FCC03^ h«r3lfr±ff&±ttKH&tt 



(4) 
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?>i-A^sa«H«o« jfe fc * o r ^fc 0 

[0 0 15] ^:^T% *38W#tt, B^*>£&#*fiifc 
U - vtt^- fc ftfeg£ft£ fc *«r @ffcS#^Sj»ir-tt 

SSS fc * vtt^-*iB 4: ^«®l-tt&&R££lcjs«F 

««o«iSlco^T, HIl 1 Sr#BBLft2ftsP>KTlcttW 
*t"<5 0 10 
[0 0 1 6] 111 lit, -t<7>«a<OB>r^^tft«ffii: 

5o ini:^^ l 2 l tf^tt?-, 12 21* 

y^ii^<-7/Ut a T/U^r/uSft fci*> fe ft 5#» 
1 2 5ttttfit&«»^-0fcS. 
[00 17] roiggtt:, »>T 

J: 9****1.^13 hy^f-t^/K 20 

ti3^^v^/^^^r-rst>OT*fc5 0 #Jx.fS. HIl ltc^ 

c hyfiigBi 2 2 fc#te^i 2 3 J: 0 

U »Y^y«MBo^Bhvfi»g 
Bl 2 2fc#-*>«^l 2 10*Efcoaffitc«lgft 
Uttf 1 2 5*sa»S*tfc«iSS:*i-5t^-C*)5 0 C 
c^fc^, *-^^tfe^S(c**$*L^HtB»D5l-#< 

<o«jSE*sfi«p**vTv^5cttftor, mm&m<D$m 

^^fSj±i-5 0 30 

[0018] r<o®gii. m<<*>&&mmk*-#^ 

<r>4 ^->**RJC«-J:t), ««ftJR5G**^tf»^*> 

#*<0»a&JR7c*t*tf»^rif^Sr, M;ttf 1 8 O^C 
cotK^^^ T- 4 ^WilTc-fSm 2 oig 4: £g5 r fc K 

[0 0 19] 

* y -yutaft LT»b*i<5**Xf^ km&ttf* b £^ 

[0020] ua>u r<^ekK^f^jcasft^?>***i 

5C0^6M8St5Ii:lci:ot, PEFC^ 
icft^o w*i«rttfti-*(ci±. &^ir^fn^A^A 50 



6 

ftSrftfe&ftJKfc UTfflv^ r t ^«5RS*iT^5o 
[0 0 2 1 ] *<D£ 5ft«ffi«r?#Sfcafr*;irt:, &fti£fc 
;uf=!>Afii:«:*-^>efl:a*$-frfcg, 400 
^OTkifftf^-CilTnLT. afttt^fc/u^fr-k&T-fc 
#vttT-Kfi#3-frfc«* 8 0 0 — 90 OtW^ 

iStt*i«tt?i-^y^t5 ^ t ic j; or, efts* 

ft fc * A £ 0>-frft«rfi»$-fr5 r fc tf-cs -5 fc * 

[0 0 2 2] Lj*»U itelw3£^fc*«lE#as%3BLfc, 
■4 ^->SC*»JK fc * fc ftfeggftM t z-stsm 

ttMtftB «riic:a» * it fc c fc fc + S*»«ftJB 
B^^-vSEiJHIUBfc*— *vtt-T-fc*r*b«ft 
#W|»>fty«««l!llcK* Lfett«tft*5c*S:«-tpB 

«i±B>r *^&&mm<oftmmm-e&>z 2 4 0-2 s 0 
wr/^rii/^f, znjzoKv^iisaactr** 

fci-5.^ft«:fi»i-5(Ort:H«T-fcofc. L^ot, 

5 P E F CfCttffi^LftWfc V^^M* 5 *>ofc 0 
[0 0 2 3] H*»»^*jl8fi-«ft«>llfflfk^fc«>l- 

^tvSMfliOT'n h^fiilMWfc*— tf>tt**ffi 
fc <ojg® lcfefeg£ftJ5i| * *^5rfc{c<t9 ft&££ft 

o@flcSi^a»S-ttj««^ffl:ffi<D£fiyj?Bffifc#*$: 
fi±<*-£5fctf>l;:i*. *JICftJR5c*«r*tfl»-r*v*r, 

7uLT*>, *^ft^JSttfcA»ft»cott»tt*:«*.fc 
*«tftJRfc-*-5i6W^*>5. 
[0 0 2 4] Sfcf|#;Mc*5CO«««:iBtt5JcW\ M 
aftJRKiBCOaStt^fi^eft^^^^A^Sr^A/ 
^fcoSrfflir^wfc%x.b*L-5^ W^^SafcWJIifc 
>tfo^*CKf ^*t & (oS&f&ft 

fc fc*J9tft«*ffiJB<0'&ftfl5*:l2S <t 9 ft^a*sBB38 $ 
nft<Tli. r<D«aft«tc+»fttt«CffittfcjBCO» 
«tt«:ft**-frSwfc3ftS-C#ftt\ 
[0 0 2 5] l^±(7>J: 5ft:RftlcK*. *36Wli, B^ 
^■>««»Jig fc * - * v^T- fc ttJKftJS fc Sr* tf B 

1-6«Mtft**r»4iA<*-iK>'tt^*B«)^B h>e 

«»«*ffl*B«r»*rfc«:Bttfc Lr^5„ 
[0 0 2 6] 
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12, m**>&mtiiit*--tf>&*kmm&mk&$ 

[0 0 2 7] ^Hlgl <£>$g^tt\ 

[0 0 2 8] *fPS& l oSBtJ:^ 
^H^t^C^lciot, *Ott&&«<D*rLT^S» 20 

.[oo29] xmmtnamtt* 

[00 30] «*<0»tt«»ffi««"rf4. #— rf^lctt 

r-*>5*5. «Ott?8^2. 5 — 3. 5 nm<fc 9 fc/J*S 
<*5£tt J MM'X»*|c,fc!K Wotlttlifefc 
9oMMSttASfiTi-5w j:^«fr$ixrif^ (K. K 

i n i o s h i t a , J. El ec troche m. 
S o c . 1 3 7 , 8 4 5 (1 9 9 0) #83) 0 
[0 0 3 1] *K*2 0*W«cj:ntf, Kv^ttMEStt* 

■e*SC4W*L<, £<b(ctt:0. 5nmH±l. 5 
nm«T-C*>SC*as#£Ll^. r09Af*9iirCttt' 40 

[0 0 3 2] #i»3(0«Wt »>f ^-vJSSIWJii:* 

[0 0 3 3] *«»3<&3BWcJ:*ttf, MKAHds#A 
Jt*ti-e*>SrfclcJ:o-C»&*t**«t»ttfcBCOl(E 
m&b*>A±nSt*!kk* ¥iSW8«:'J>S<t5;il: so 



j: o r * e> n s xsttftasMt t os* ftum- * o r . 

[0 0 3 4] *iS4^^lt »Wa*-VSftft 

»SiifcM^JR«s±MKftMttl«S«) 8 0 w t %* 

[0035] *iS4^^i:iiiif, 
m<o^u h>&m&6k&+z*—tfi'iSL*mmk<D& 

0wt%t«i5:iW4L<, $bi:90wt%$r 
[0 0 3 6] *MB5 4>X9ltt % fefeS&&Jgas&& 

[0 0 3 7] *K»5W*^(cJ:tHi, *«W<o»ffiU: 

a. -<y^*A, ^?v?*a % ^-^A/^ifoe&s 

[0 0 3 8] Sfclc, *e»7 0538M^J:ixtf % 

[0 0 3 9] *IS7^(t aSlc^^ix5ttjK& 
JR35SSffi(0^4®a^fc<9 0. 1 mg/cm 2 WTX'fe 

5mg/cm 2 £lTt?*5wi«r»ttit5tWt?*) 
[0 0 4 0]««^WlHtlt 2. 5-4 
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^LT+#>^tt£^5*:^ #y-KlCl*0. 4m g 
/cm 2 WltOfi^Ml^r, 7/- KlctfO. lm 
g/cm 2 «±toe^«&JRSra«pi-5wi:3flS^B«C 

[0 04 1] ±\zi>&^tz£ : ?\z s ftfej«& 

lmg/cm 2 J£*T, S^K&jRTcSifi^^; 
B^fiBSISfcOO. 05mg/cm 2 Wm5: 
fc*Sff*LV\ ttjK&«oa»ftjftSO. lmg/cm 2 
S:8x.-Ct>, *>SVMieA8i^JR5clR**so. 05mg 
/cm 2 *jtt*/cfc, *®BMttM^Bttfc*9*B 

[0 0 4 2] &±lci£^^-J: 5 

mmmoskmjT&t it, o^n, 

***©£B5cB**tfB>r ^-^Srft^tt^aTC+SJR 

[0 04 3] ClflXWISl 0(D^^|^ioV>T. ^ICDX 
t * — * £ Sr^tp^*OlS-r * >«ift»/BJC 

[0 0 4 4] ^tt, S2 0IIIi, gl0li-C#f) 

^ir#*#E^T-Cl 0Wfl«±«»i-'5XgS:«'A/-C 
fc*. 0(O^^^S2(DXmtcJ:or > sk*- 

»5£*«r*tr»W ^SrilTc LT*IKA« r 

[0 04 5] c<DJ:5lc v ^Sgi 0O«nicJ:ixrf, 
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[0046] 1 1 0>3BWtt. tfliE^^S 1 0 <DS§ 

[0 0 4 7] l 2 co^te, j^m?&;Bffi1S<z>ffi! 

T. ^10Xgi:m2coXSi:$:lIsIW±ff9ri:{c < t 

[0 0 4 8] 2<7)^lcJ:iiil ^Stt#*«: 

0, *B£l 0O^^^«&tl^«tc, 
20 JR. Sfc¥J6tt?-&l. 5nmTO^ 

ftttt^fi^Sl. 5nmaT©«'*r»4«c- 

[0 04 9] 1 3 (O^f*, mffB^^ 1 2 OS! 

W«>*»«*««««»S»*jS»w*3V^T, JB"2©»5£X 
itS3©i-^^^Ii©'>4< £ 'fc— #a*2 0 Ot 
WTTtTtoS I i: Irrt^ totfe D , Z<o~k 

[0 0 5 0] *JSJSl 4W*WH, :^x-^y^Ig 

[oo5i] *bjbi 4oxmcj:tLtf« i*j 

tttt^rt««:3l#fi-i-wi:ft<, Ki*feK«tt&A& 

40 [00 5 2] *BB 1 5 co^^li, ±iew«»«ftffl« 
55***2. 5me q/gKTT-fc* C t LTV^ 
[0 0 5 3] B-f*vSt*M»B!:L-Crt:, /<— :7/u*-n 

*^-et, B«lc**n5B**>£*»BlcJ:S-f * 

50 mbtlZ^kfrb, 2. 5meq/g»TtM:i3* J 
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#£L<, 1. 0meq/g^TO5:^^ 

[0054] *mm i 6 <D^mn. ±&<n*mm io- 

[0 0 5 5] $IIl6(7)^|Ci:nil »5nXa-C» 

i-5^^r^-c§. tic J: 9, IBfHtttJIittloH 

h£Ttf Srtmio 10 
[0 0 5 6] 1 7 <*>«WM\ ffi 2 OXaiCl*^ 

Sfctf>"C*>S. fcirttf, ® 1 Ollf 1 So&StcSS 

[oo5 7] 8oanti t jise^*p»i o- 

[0 0 58] *■£ 1 9 0>3g9H±* _hSa*>#Plg 1-9 
OJgW^iS*»fl-«ffiffl«a, *fcl4*JR»l 0-1 8 
©IS 9i «t SJUHMfe ic t o it S ttfc«»««ffl m 
e*r/- K*fci*#y— K0>*ft< fc t>-*Kffl^*: 

[0 0 5 9] 

8 0 w t %K _i:T*fc 
#* LV^S, ::0>fEtt8 0 w t%K±-C*>ntfS5^M5f 
»*L<, fc < IC9 Ow t%&mjLTb*ZZktiW*l> 

[0 060] «c*s, i^tysgfiwyph^s 

fc fc * — tf ^tt^*ffi t o^Stcfe^ S ftfcftkflte MS 

fc fc # — # v«r^*fig fc (omm $ *it v * 5 fc 
-cffgi-St><ofci-<5 0 

[0 06 1] Si\ IM'* y v******* h 

60 50 



12 

[0 0 6 2] -t L"C\ Wa^«»{b*ft^^**ffi« 

9, »^*>£»»)reo:/n h^S^gfcfc 

«BB fc ottEtcaffdKfcM^A&o^MintAJRttl 

[0 0 6 3] *«W<D»5S*ftfi. *i\ HK*-V2fc!ft 
W J!f a>*K *>k &mvtm *^t$m4 *isk<o4jtis& 

«*ttJw&»5c*«r*tP»'f a-V'SrKi* 4-Hr* d ^ pT 

[0 0 6 4] £i\ »-r*>SElfcWJ!Bi:*-»#>tft^4: 
^-^fc^JlTc^ Sr^tf »W * v fc it ySfegfti: «t 

[0 0 6 5] o#*lc, M^^-^SfMWJKtXr— ^vtt-T- 

&m7t&&$tt&4*>'k<D<*z'&&&fc\z£*) % & 



(8) 
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{fc*tt*a5c*ft«:fflv^wi:355»*L<. fc < tK 

5*ft* s »*bv\ ::t\ zfcig;tf*£^tf;*/;*fcte. 

o l %K±*tprt3ftsfiF*Lv\ 10 

[0 0 6 6] ZCT% m\<OXMt^2(OXMt^nr> 
SP)(:»iOI8t*20lSt«rl@£i±l»9 

[0 0 6 7] Sgl6QXSfcig2 0Xgfc£rl|El 

fc 1 EHMxtf J: < , * fc, < £ fc 1 0©S i <r>TM 

fcSg2tf>Xgfc£r4>fc< fcfc lElff*.tfJ:ir\ 
[0 0 6 8] 2S^»fO^JR5c*^tpfS-f ^*>- 

[0 0 6 9] *ZX\ »2<OXS-ett. il7C#j0>«g % 
[0 0 7 0] 3 jStcSJ^SS, StQE*. 

<omm&m t nfts&m as* l < ^fet * & t * ? ««>t* 
**ttHBJw*>s 0 *<ntL*>. r^xs-ci*, mm&m& so 
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[00 7 1] W^tf, StTC^Jfc LT**S:/Hv\ *tf>5§ 

±fc LT*-i!?^^ tHffK^WWKfc^aSttaBlc 
«JK&«35Si87C*rit*ixS £ 9 f--T 5 ^ fc ^T-# 5 0 
[0 0 7 2] :Ct\ 

^T^ [P t (NH3 ) 4 ] 2+ COTK^td^SalTC^aSJi 
^j3 0 0tT'fc5 (flE ©3§, *fi£X8lftWi*|»?r^ 

3 6, 1 0 (1 9 8 5) ) 3S»SS:«fiSLfc* 
— ^V&C^F- (Denka Black, Denka Bl 
ack, Vulcan XC-72. Black Pe 
a 1 2 0 0 0^0 <D$tmW&m\^tc LP t (NH 3 ) 
4 ] 2 + <D*tlltl8 0tXlbZ>Zbi>m&ZtlX^ 
(K. Am i n e , M. M i 2 u h a t a , K. 
Oguro, H. Taken a ka, J. Che 
m. Soc., Faraday. Trans. , 9 1 , 

.44 5 1 (1 9 95) ) , 
. [-0 0 7 3-1 o£ 0 % Tjf l«%L*k LT^JtlfV u 1 
can XC-7 2^V\.ftfeIgtt^tiLT [P 

t (nh 3 ) 4 ] c 1 2 &m*\ m-t*>&t&mmk* 

—#>-1gL*k *<0 [Pt (NH3 ) 4] 

C 1 2 £-£-C\ »>f 3J->X*»l!i«>»-< 

(H + ) fc^3^KtfcRJEK*tK [P t (NH 

3 ) 4 ] 2+ *&4*>&mm<n>7* b>&mamz 

»»$*^:«. 0*<D»&fles r i 8 0^ 

ftfe^JSS75S^tt{iE^Sfi»S^8 0w t %*:«*. 5 w 
[0 0 7 4] l(7)i:9i:, XaftAKTcXtr^trlB^^ 

Wffi fc * - * vtt* fc ttgit&JR fc tr^tr Sfr^^T-m^? 

^JRfi^5±ftbiK^jRa^S^ 8 0 w t %^r^^^r fc $r 

»»fci-a«»«^««^Kia3ftSpr«fc*6. ^fc. 

( [P t (N H 3 ) 4 ] 2+ ) 12, iSTcXgffclcttffiS: 

HX-T5wfc^-C#5o 
[0 0 7 5] 7K^^^^^tf^^(c«t-5il7cOXmora 
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[0 0 7 6] «»m»ffl««-e— ittlcfflv^bixTV^H 

^cD#a?r&fii42 8 o^T-ibsc^T^ -ttt 
<fc 9 <£V ^S-eitTCiT s r ^ J: o T^1lf*9<7)@#:il5# 

«*»±o&JM>feft6^&fcLrt:»e\ 
[0 0 7 7] **^Sr*tf^lcJ:-5iS5c«pnntt, !R 

[0 0 7 8] £fb(c:. ^l<OX?££Sg2<7)Xll±:£lls! 

[0 0 7 9] t©x-^y^tS»IPI#l 0BHB 

2 0 0WIB«±^tt*»W^»**sj:'9a5<ft6^ 

[0 0 8 0] *fc, ^tu^HO®iig^&lC^oV>r, a— 
v 5 Roi&Stt if <o J; 5 ft <£>T- *:)Rno9bX 

OtJGJLL, 2 0 0WTT'fc5:^^U>, 

l«JE«T<0»ffiT-CtfT9 wt*sr-#5*s, 1«JE« 
[008 1 ] *««<03Hig*fe«c*5t^-Cffit^tt5&JH 

■c*8t^«tftsrt^teft»-r^^-c*>oT. 
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«*<b^ttft»*(DiS7cKJC. **KftR«?«c«-T5tt 

A, /<7v?^, ** = 9Aft£a&ftttftfttt?-«:S 
rti-* *0feat>lcaftK*Jl«:*trB 
>T ^^«r»#S-fr6JB 1 ^xa^r^tr C * U\ 
[0 0 8 2] &JR7C**£tfB^*><OJgffil4-t 

»K*>#>f 4: <7M tf-^2MfcE£fc i 0 BW *>SE* 
-tOiiftift^ftttSrl^oe&Se&JRSr^tpB^ 

^ytit, e&ss&«*>»>r>i-:^ £<k [pt (n 

H3 ) 4 ] 2+ * [P t (NH 3 ) 6 ] 4+ ft*f 

r^mse&^ry^^t^ ^fcf* [R U 

(NH 3 ) 4 ] 2 + ^ [Ru (NH 3 ) 6 ] 3+ jftSjf* 

[0 0 8 3] £ -*#**S&J*^ T/l/^-^A, 

20 ti/^, -rSotf>\ =.y-jr 

^fctt^v^^vt^feftSBiO 
. Sf«trt:^ft< * — 3(D7E^<b d^M4 fc*trfr 

[0084] r^^«t7i^. 448«R«)jKmttA«fio 
-»iS*fe"C«:, -r^*^*-*, 

Ugh ft^fctt^^^^^fcja^ftSB^IJJltfixfc 
30 '>ft< fct— o05£*«r*tfB'r*>'i:aA»A*«r* 
tfBW £HB*lc»#S-ti:5 * 1 ^xm^r^tf r 4 

aiftt^«ft< 4: t-o<D7n*$r#tfB>r^>«rK*$ 
. -fr 5 1 m l <o X g S tf BW v R* $ 

[0 0 8 5] *vtfc^i LTtt, ^^TcSSr-g-tfB 

40 ?**Sff£L<* , Denka Black, 

Vulcan XC — 7 2, Black Pearl 2 
0 0 y^^(C#4 LV\ 

[0 0 8 6] B-f^-vStJJMItJIBi:*— *^tt*fc«>«* 
Mi:iS i:r p t f Ett^ t Lfc# 

Ji$li3-3 0/im, $ 6«C$?4 L< 143 — 2 0 /i m?55 
so »*U^. 
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[0 0 8 7] f*4*>ammKb*—tf>&*b0>nfe 

m^y^^^±^mm (»^kmh3-30/i 

m (»^L<«^J?3-3 0|zm) LteiLtg, fi§ 
^-^yW^PTFE^«i: <fc !9 ft 

[0 0 8 8] Cw"C% TStt^iLTIi, fctttt- 

fe 5 V * iiJ^lfc * # ft jR2« £ R 13: * ft V sff * T? fcjxtf i m . 
<, ttt«7k**t K7^vftif^A/-et>J:v> 0 
[0 0 8 9] IWtSttirL-Crt:. tttt, JfiBL fl». » 

[0090] 7/p*ytt»KtLm 30 
thy^A, y «>Aoi¥j:r)iiim^>ft< t 

[0 0 9 1] z<o£ o\zwtis*iitjtmntbmwm*:m 

ft*HitT-fc£ 0 ■**5H L «*Mt«E l oK-®tc^7 y- K 

2 a, lffiC7/- K2 b^^$ttT*5»3, ^<DjlV 40 

-K2a, 7/-K2b <D@#gS#^mfl?ff §1 1 Icjg^ 

M*3a, 3bC^77r^M6S5a^777 
-f b&m&5 b£JHSL-C46fc0>-C*>S. 
[0 0 9 2] 

[Xtttt] EXT. **W«:#a**JSe»ISrffl^-CIftW-r 
[JMfi«l] »-Taf^3SC««« (r^Kyyfm 

7^t^5w t (Vulcan 50 
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XC— 72) JrfeaML toS£»*iLT-<-* 
U (FEP) 7-f/UA±K«{K (RJW*I13ji 

m) Lfcfc, SH&-C««Lfc. 

[0 0 9 3] ±E»^*>X*»ffi 
£-{fc£:5 Ommo l/lW[Pt (NHa) 4] Ch 

*vSE»»lfio:/n h [P t (N 

H 3 ) 4] 2+ zwrn s-frfca, urn*-? 

• Sana 1 1 s ot:<o**#H«t«t»-e7 

P*IHl»56Lfc ($211) o 

yWi^M50mmo 1/1 O [R u (N 
Ha ) 6 ] C 1 3 *S«*K2 4B*ras«ru -f*>2fc 

[Ru (NH 3 ) e] 3 +. ($1X1) , *S 

jH7K-C*»ft^ ■ 5»E* 2 0 0t^)7ki#i 

«+"C2 4«MWS5cL-C ($2X1) , fiAt/l^— ■> 

[0 0 9 5] 0. 5 mo 1 / 1 OSRC 5 l^ffi 

am LToI^cXIT'iItc $ ixft rt>o fciS^^^ft 

[P t (NH 3 ) 4 ] 2+ £ [Ru (NH 3 ) e ] 3 + 
££SffiLTjtftW^««A&»fc. MM? ofc##rfc: 

^tLO. 0l5mg/cm 2 , 0. 008mg/cm 2 

5 0 irt, SSAOX-ray@Sr^^-^i2- 
al^-fo fttfc^LT, Pt-Rujl^-^y (B* 
ft&JKSL Vulcan XC— 7 2lceM 1 8. 6 
wt% ^^?:14. 4wt%j&j^) ^^-T^->- 
S5*»]ffi (7/uKyyfm t7>fty5wt« 
«) tresis J:^^^^ A«tal»Ms*tt*lxO ■ 

0l5mg/cm 2 , 0. 0 0 8 m g / c m 2 b ft Z> X 

^il^2-bJC^-t- 0 .-. 
[0 0 9 6] 12-b<tD, Pt-RuH^-^ 

mmvxm^Ltzmmx^ 2e<om** 35-50 0 

<omm. 6 8° f+ifi:fcJ:tf8 3° f^fitc ^ tJ5^ bti 

^„ ccoms-cfi, pt-Ru^e^kt 

Tt^6Ci:S:^L"CV^5 (S. C. Thomas, X. 
Ren, and S. Gottesfeld, Jour 
nal of The Electrochemica 
1 Society, 1 4 6 , 4 3 5 4 (1 9 9 

9) ) o ::*ur*fLT, *«flw8SAtfi, 

[oo97] mmm 2 ] ^ *>&&®m (t* k d 
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(Vulcan XC— 7 2) «Dlft»«LT 
h^Cl, (FEP) 7-f/UA±jcKlR 

[0 0 9 8] ^rbT, ±E»^ 
tt-f-^iE-frftSr 50mmol/lO.[Pt (N 
Ha ) 4 ] C 1 2 *S**l-2 4«MB]«fl*U * *-V2fc 

[Pt (NH 3 ) 4] 2 + £P2*if (Bill) S*fc 
»«*-ejS»a£i^ • R«« l ^EE, 1 8 OtcOTMg 

#ia«4 i -e7^raiS7nLfc (i2ig) . 10 

[0 0 9 9] *^MMMfc*-* 
ytt-fiWg^ftSrSOmmo 1 / 1 <E> [Ru (N 

H 3 ) e ] c 1 3 *8»*t-2 4«rns»u 

[Ru (NH 3 ) 6 ] 3+ ^rP^ir^-tt «1IS) , MT 
M*-e*»«fe» • 2 0 0 t CO7K«#ffl 

**t?7P*|BlX7cLT (1211) . SA^t^** 

[0 10 0] 5 m o I / I <D«E»^ 1 B*|B) 20 

mm LXoItcXST-jStc * ;ft,fta>o fcB-fi4fc*©3FK ft 
[Pt (NHs ) 4 ] 2+ b [Ru (NH3 ) s] 3 + 
£*r«.fcHLfc. -tofiL llO OTC, 0. l%s>g£««rS' 
■trT/u=*>#*#IB«T-ei oeilili-^y^tS (ft 

3ig) z t\z£ixnmm<D&mB&'&ti. %mn^> 

fttt-tix^ixO. 014mg/cm 2 , 0. 0 0 8 m g 
/cm 2 T'fc6:t^ £ ^iCTEMt^Ct 9 . rcO 

^^ttfco 30 

[oioi] inmm 3 ] m-< *^&&mm it* k si 

(Vulcan XC— 7 2) £ frBflL »SiLT 

^-^htti-u (fep) z?4/\sj*±\zmm 

(WW-13/im) *ffl-Ctt*Lfc. 

[0 10 2] *Lr,-±E»-fahv*m«iB4:*-*^ 
jaf^M3 8. 3mmo l/lO [P t (N 
H3) 4] CI2 H2. 8mmo 1 / 1 (D [Ru (N 

H 3 ) e ] c 1 3 b*$tt&mm<piz2 4n*Hsatu 
>r^-v^»sjcs^<t os-YtvsMiKo^p his&m 40 

[P t (NHs ) 4] 2 + <fc [Ru (N 
Ha) e] 3 + b&v&mtSlttc (HID fit®!* 
T-5fc#*fe# • 1 2 0 oncoTKRSH^-C 

mmz?gi<Dxmbm2<oT.mb&£<b>\ct>?-g. 

[0103] £ <b(C, 0. 5mol/l G>«8»«;i 1 B^ffi 
S«LriB7cXS^iS7cSnft*»ofc«B'&»«t»<05FSft so 
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[P t (NH3) 4 ] 2 + b [Ru (NHs) e] 3 + 

bzmm^ft* *<d&. 10 or, 0. i%<D&m.*^ 

tfT/u=*V#*#H«T-Cl 0B*B*— (IK 

fc#*f ic J: 9 mUC icjst* $ it*: 6 <fc = •> a 
ftli-tix-PixO. 0 15mg/cm 2 . 0. 0 0 8 m g 
/cm 2 -Cfc<5 - ^blCTEMMSlCtD, 

[0 10 4] [^JS0ij4] gK^SfflMMB (T/u K y 

(Vulcan XC— 7 2) b *D8ft»«LT 
^-^MfclCU (FEP) 7-fyUA±(cKR 

(ifl^l3^m) LfcSL *ifl-Cft«Lfc. 
.[0105] -tu-C, ±E»^^>»ft«Jfii*-#y 
W^M5 0mmo 1/lONi (NO 3) 2 tK 

y^Wioyn F^fiWRttKN i 2+ Sr«*3*fc 
(ft 1 IS) tt, Wttk-eSMMW* * KM* 3 0 ^JE, 
1 8 0 € C<O7k*#fflft*"e6«PBS]a5cb3fc. (S2I 

W o 

[0 10 6] r^B-f^asJftWllBfc^-siK 
ls$L*b<Di%&®>&5 Ommo 1 / 1 <D [Pt. (N 
Ha) 4] Cl2*^IC24^1»U 

LP t (NH 3 ) 4 ] 2+ (HIS) 
ffc, WaWc-CJE^ft* • «UMMft« l 2 0 0t(D* 

*»H«*T-5«FfB515£L-C (8 2IS) , &&b-y 

*j\sbzmj*^&&®?fe<ozfx2 v^mmm&icmirz> 

[0 10 7] SbtC±ES-fr«S:SS5 Ommo 1/1 
O [P t (NH 3 ) 4 ] C 1 2 2 4^M»« 

fe^SSSt- [P t (NHs ) 4 ] 2+ $rP^«r^^fc (ft 
IIS) »K*T3t»ft» • 1^E> 2 0 

0t:O7k*#ffl»+"Cl 2^B«7C W2lS) lt, 

&&b=v*/i-b<D&&&m**>'&&mm<D7'x3 v> 

tlo 

[0 10 8] $e>(-, 0. 5 mo 1 / 1 COgft^lC— 

gj» LTiiTcimr-iiTu $ nft 3trs^+<o^ft 

Ni 2+ t [Pt (NHs) 4] 2+ <t^@mL-CH3fe 

Jilfcfi&tttfiO. 04mg/cm 2 t'fc5:t^ 

Slil. 2 nm-Cfc* wfcjftSftBSixfc. 

[0 10 9] [^ffi0iJ5] Hjte«2-e«ffbfc« 
iB$rl00lC, 0. 1 Noat»**fR c l :, "C2 4«fIB^ 
-^>^L (ft -3 IS) , m^El^rtt^o S6IC, X 
^0sj2-C*®if^Lfcm^B^l 0 Ot, 0. lNOTK^fk 
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th y * 2 4^p a 1^— s^^L (131 

S) , ®£E2£f#*: 0 

[oiio] mnmei »>r^-^x*»J!B (r/uKy 

(Vu lean XC— 7 2) 2. 8 g £ *a«U 
anSfcWBLT^--* HttlCU B^T- (FEP) yjtv 

/to COi9^LT«ft$:#t 0 ±E»-Y^vSf»« 
fl§£;*7 — #>$L*(Df$.j&frO. 75g^50mmol/ 

1 <D [P t (NHa ) 4 ] C 1 2 TK^^l 0 0m 1 *>Ul 10 

2 4«NB«»U -rah^S»K*S«c:j:»>»>f^vS5lft» 

io/n h^e«&Kic cp t (nh 3 ) 4 ] 2+ '*s 

»B*-e*»*# • 1 *EE. 18 0 

3ttT-«ffi4:oaffi«cflEifeft|ca»S-±fc. SfelC 0. 
5 mo 1/1 Ofifii!«C5^|BI«»Lra5nXa-eiS5c* 
hft*»ofcftfr*1»OW4 [Pt (NH 3 ) 4] 2 + 

t*lHlT»*j©ttlF«rHfc. S'J^fTo^^WJcJ: 
9mJiFlcte^£n£:&&fitf:0. 0 15mg/c 20 

[0 111] P t-Rufi»*-^ (ffl 

*»*«§B, Vulcan XC— 7 2tc6&£ 1 8. 
6wtl /i^-r>A£r 1 4. 4wt%fi») bHM* 
>SS»»J!B (T/uKy j/^tfcK, -*-:7 w ^ 5 w t 

(FEP) 7 -f A- A_LU:ffl« (BWfil3^m) Ufc 
«L &MKKM\+XttMtn<DWSiG&ait m ««GO& 30 
&**SjKl0. 0 5mg/cm 2 t/^<t9i:, 
M^P t-Rufi»*-#^SiMLfc. 

[0 112] [M:»0ij2] WtM 
JKSL Vulcan XC-7 2(CfiM3 0wt%ifi 

IT, (FEP) 7-f/U*JblC«« (RJRKll 3 

#im) L^O*,*ta^K«UTit««0«aH«:»fco 
tttHOeftitt, ^J0. 0 5mg/c m 2 ifcSJ: 5 

[0113] [Jttm 3] 6§^ * (7/1/ k y 

s^tfcSL t7^^>5wt%^iS) t#— tfvta^ 

(Vu lean XC— 7 2) t Sr»«, ^O^S^LT 
httlCU X&¥ (FEP) 7-f/UA±«;:«jR 

(lg|J?#j 1 3 M m) LfcSL Ka-et&HL^. 

[0 114] ±l5fg>f *v£i^J!I£#-;tf>tt^eo& 
£-{££5 Ommo 1 / I <Z> [ P t (NH3) 4 ] Ch 
*Stt*lc2 4B*ra«»u >r*v£*RJCKJ:9»-< 
tySEMfllw^o K>eWftK»c [p t (n so 
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Ha ) 4 ] 2+ (gill) »»*-C 

*»8fe» • «»« 1 «EE. 1 8 OTCO*3£#H^*-C7 

[0115] 3i#«#, 

yt^Wi^M50mmol/lO[Ru (N 
H 3 ) 6 ] C 1 3 7K»tt4 , (C2 4B*|H]«atU ^^V^ 

[Ru (NH 3 ) 6 ] 3+ *r»#S* (S1IS) , a 
»*"C*»as» • tttttt, 5^CBE, 2 0 0t«)*X«| 
SC^-C7^HS7C (I21g) LT, e^^/U^-^A 

[0 116] £<btC % 0. 5 mo 1/1 OflUkdlttm 
[Pt (NH3 ) 4 ] 2+ k [Ru (NH3 ) e] 3 + 

^gtt^ia^ftO. 0 14mg/cm 2 > 0. 00 8m 
g/cm 2 -efeSitiS, ^CTEMggia^ ; 

[0 117] jSlM»]0>««A, B, C, E 1 v E 2, 

f v g. h. i Srry — Kt u. iMH**y-KtL -. . 
^-/h^u^ (Mot) icT>rd->Sf»iR (7a 

B. ir/UC, t/UE 1 , ir/uE2; t/UF, ir/UG. -fe 
[0 118] *fc % jtJS«<0«ffiD4:#y- K£ U ft 

«Htry— Ki:Lr. sfcyh^w* (14 ox:) lit 
^^•vSfftlB (x^-^vtiK. t7^ty, ^J1^5 0 

Mm) «>raic-t*L*n»*Lfca, a*i±trtt-£ifc 

DSrftfc. . 

[0 119] -fe/UAfc-fr/i^Hi:<0««{k^»*#ttS:f- 

0«ffiA*fcttBffiH<Z>fllSrfP«ffi. te*«:*t«lSi:L 
fco ffffl«WlC2 ett-fllSLt 1 0 0 p pnKDCOSr 

cc/minSU 3 0 0mV/RHElCt3 0»Bft 

[0 1 2 0] *9cV>T. lOOmV/seclCt^ix 
5 0~8 0 OmV/RHE, 50— lOOOmV/RH 
EOffiH-e^a^«ffi«r»Bnu*:. 81^14 2 6^:— s 
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[0121] 0 3 £9, £ir/i'T'teCOJftgi<Z>fc p -- *# 

[0 12 2] *t;Hco^t, 
£, 2 0 p pmOCO^tTTK^ (2^iE, 8 0t) 4 
«rflH\ 0. 5 VOt/UtE^ietfc^MS^ 
ftBMCflsSrW-HLfc. 10 

[0 12 3] ir/UA4Gi:{co^r<7)SS:$ria4(^ 

[0124] £fc, 1 <Z>«a»iSiaStC:*5«tS 5 

«flE2 0 0t:^7K*#H**-Coa7EXS«:fT9«FraS: 
0. 1, 3. 5, 1 0, 30, 5 0. 1 00, 2 50^F 
nB-e43wftofc«««r«ffL, **t«x*r««A*>»* 20 
4l^ti^cVir/U(cttLA/-e2 0 p pmWCO^tf*i 

(2MJE, 8 0^:) S:fflV\.0. 5VWt/v«Et*I« 

[0125] #-fe/K7>m*««ffl[3ft*e>. m*«atflSKic 
0 5 \ZTfk-f 0 mjcTM&n o &fm& i o mn&i±<om^ 

[0126] tfctC, ir/UA, B , C , El, E 2 , F , 
H, 2 0 p pm<nCO&<£tf7kmk$:m£ 

U 1;/HttE0. 5V-e»ELfc. XGiUKtt* ir/UA 30 
~E 2RTf I "OK* 8 or, t/UFi:Ht'|j:9 0tTfco 

[0 12 7] t/UD, H(Cffej£#;*4 LT&lfii: 

** .(2«EE^ 8 0t) t&mi<\ 0. 5 VOir/u®JE 

[0 12 8] ^ttb^r^tt, *3BW<0«ffiriS* 
**** »**>X»»J«0>* , ei hvea»tti:*-iK 

tfi. 5nmWT"C*>*r*lcJ:"K fiiMJioifil 
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[0129] s bic, ussey i w«a«5s*feiasic*5 

*^ £AM9E&Kfi»*0 2 5 . 30, 50, 70, 8 
0, 9 0 w t %-C*>5«fc 5*«ffi4rJHf^L^ 0 ^ix^n 
4r«ffiAO»fri:H«^-fe/Mc:ttA/-e5 0 p pmOC 
OSr^M*** (2MJE, 9 Or) «rfflV\ 0. SV<D± 

[0130] m^m^ssi:, zt^&i&mmnyu 

8 nffifti i k:« Lfc*«fc-cKfls ufe*35W 

* - * v»^*ffi«c:fi» $ Jxfctttt*M*o£ttK*« 
a»ii:»t5«^ 8 0 w t %S:8tfc t * I:, 

[0131] 

[0.1 3 2] 3=fc, **WOjR5R«?fiffl««0»3S*ffi 

[0 1] B#X^»iBA«tto-MO«SHfiBEB. 
[02] *&W<DW>mk, Pt-Rujl^-^J: 

k<DX- r a y El Iff'** — V(7)it^0 o 
[HI3] ±/UAk^^Hk(OD-^ 9}) tit/Is? 

[0 4] ■fe/UA4-fe^Gt^a*«SE««<oft«paC{t:*r 

[0 5] ffl*ttiR?Bfl[4JB2^XS^*5*t5iB5c«FPiB4 

[06] t;UA, B, C, El, E2, F, H*5<fctfl 

[0 7] t/i'Dkiz;i'Hk<Dmfimm&&<ol&ft&ik& 
^i"0o 

[0 8] da**flt«*4; m-(*>&&®m<Dy* v> 

0o 

[i9]^ *^«*»ffli--ttaa^««o«i»o«. 

[0 1 0] ^^coma^, A— sKvtt^OftJIOttfllt: 
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